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[0033] 

(2) On the other hand, the heat generation suppressing effect of Mn 
composition is remarkably large in LiNi02 bone composite of the present 
invention, in Mn quantity b>0,02 ? calorific value ratio is suppressed in as low 
as the target index of 30% or less, and calorific value approaches zero as the 
amount of composition increases to 0,45. 
[0034] 

It is thought that this fact results from the layer structure and bone 
stabilizing function derived from small ion radius and strong oxygen -affinity 
of Mn 3+ compared with bone Ni 3+ - Additionally, calorific value ratio herein 
expresses a ratio of calorific value relative to 100 of calorific value of LixNi02, 
0.2<x< 0.3, in a range of 175 to 30Q a C 
[0037] 

(2) On the other hand, although exothermic peak shifts somewhat to 
higher temperatures by Co composition in LiNi02 bone composite of the 
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present invention, the heat generation suppressing effect is relatively small, 
exhibiting an almost constant value to the amount of Co composition. It 
stems from the fact that Co 3+ ion is smaller than Ni 3+ to form solid solution 
easily, and also oxygen-affinity is Mn**>Co 3+ >Ni 34 \ 
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(54) LITHIUM SECONDARY BATTERY POSITIVE ELECTRODE ACTIVE MATERIAL AND LITHIUM 
SECONDARY BATTERY 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a positive electrode 
active material for a lithium secondary battery, high in 
capacity, long in life, low in price, and excellent in heat 
stability at the time of delithiuming, 

SOLUTION: A positive electrode active material for a lithium 
secondary battery is used having a composition expressed by 
Li1~~a Ni1-b-c-d Mnb CocMd02 (M: an additional minor ? 
element), where -0,15<a<0„10, 0D2<b<0„45, 0<c<0,50, and 0<d i% 
<0„20, and having a calorific value (y) of 0<y<30% relative to | « 
Lix Ni02 at heating temperatures ranging from 175 to 300° tB 
C when the quantity (x) of lithium remaining after extraction » 
is assumed to be 0,20<x<0.30. In the formula, M is one or * 
more kinds of elements selected from among the group la 
excluding hydrogen and lithium, group Ha, group lib, group IHb, 
and group IVb in the periodic table of elements, and a group 
comprising transition elements excluding Ni, Co, and Mn. 
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CLAIMS 



[Clairn(s)] 

[Claim 1] Li1-a nickel 1-b-c~d Mnb Coc Md 02 (M: additional trace elements) It sets, - It has the 
presentation of 0.15<=a<=0.10 t 0,02<=b<=0,45 1 0<=c<=0„50, and 0<=d<=0.2CX Positive active material 
for lithium secondary batteries with which calorific value y in the range 175 - 300 ** is characterized 
by being 0<=y<=30% to Lix Ni02 whenever [ stoving temperature ] when the amount x of** lithiums 
after drawing out is set to 0.20<-x<-0.30„ 

[Claim 2] Ml in a general formula — the [ other than hydrogen and a lithium element / element 
periodic-table ] — la the [ a group and ] — Ila the [ a group and ] — Hb the [ a group and ] — the 
[ an lllb group and ] — IVb Positive active material according to claim 1 characterized by being one 
sort or two sorts or more of elements chosen from the group which consists of transition elements 
other than a group and nickel and Co, and Mn. 

[Claim 3] The lithium secondary battery using the positive active material for nonaqueous electrolyte 
according to claim 1 or 2. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the positive active material for lithium secondary 
batteries and a lithium secondary battery excellent in the thermal stability used as a power source of 
portable electronic equipment an electric vehicle, etc, 
[0002] 

[Description of the Prior Art] In recent years, small lightweight-ization of the power source for a 
drive progresses to a portable efectronic device list quickly with commercial-scene expansion of the 
personal computer field etc., and further small, light weight, and densification have come to be called 
for. The move towards utilization of the electric vehicle which does not remain in development of the 
conventional small cell, but r on the other hand, needs a large-scale power source is also active. 
These are being interlocked with the improvement of the earth environment centering on reduction of 
harmful exhaust gas, and, especially in addition to small, a light weight, and densification, importance 
is attached to safety as a power-source function. 

[0003] In addition to water-solution systems, such as a nickel-cadmium battery and a nickel hydoride 
battery, as a power source of current, a portable electronic device, etc., many lithium ion batteries of 
a non-drainage system are used. However, the cell of these water-solutions system cannot be said 
to be a cycle property and the thing which can fully be satisfied in respect of ceil weight or energy 
density although excelled in price. On the other hand, although need expanded the lithium ion battery 
of a non-drainage system quickly in recent years, since expensive cobalt is used for a principal 
component, compared with a water-solution system, it is expensive in price, and many room of an 
improvement is left behind at the point of volume energy density and safety. 
[0004] On the other hand, although it is especially a development prototype phase still more and 
many nickel hydoride batteries are selected from a viewpoint of safety as a large-sized cell for 
electric vehicles, it cannot be said to be what can be satisfied in respect of cell weight or energy 
density like a small cell. 

[0005] Moreover, although loading of a lithium ion battery is also considered as an object for electric 
vehicles, the biggest technical problems are safety and a price. Especially each the cobalt system 
(Li1-xCo02) by which current examination is carried out, a nickel system (Li1-xNi02), and 
manganese system (Lil-xMn 204) positive active material have the thermally unstable crystal 
structure by the delithium at the time of charge. Namely, overcharge (deLi>= 0.6) If the cell carried 
out is heated to 200 - 270 **, the oxygen release reaction following a rapid structural change and 
rapid it will advance (J. RDahn et al, Solid State Ionics, 69,265 (1994))„ The exoergic behavior 
changes with ingredient systems, for example, it moves from exoergic initiation temperature to a low- 
temperature region in order of a nicke! system < cobalt system < manganese system. 
[0006] Thus, although many cobalt system positive-electrode material on a small cell is used, as a 
large-sized cell for electric vehicles, application is difficult in the lithium ion battery which attracts 
attention, in respect of a price and a resource. 

[0007] moreover — although nickel system positive-electrode material is high capacity — a cycle life 
— and it is thermally the most unstable and it is said from the point of safety that application is 
difficult. They are attempts, such as an elevated-temperature side shift with slight exoergic initiation 
temperature, and broadclothHzing of an exothermic peak, by permuting some nickel by other 
elements, in order to improve this etc. (for example, T.Ohzuku et al, J.EIectrochem.Soc, 142 and 



4033 (1995), JP,9-237631,A) Although made mostly, the result satisfied still more is not obtained 
About a manganese system positive-electrode ingredient, although promising ** is carried out in 
price, a capacity list has many problems in respect of a cycle property, 

[0008] As mentioned above, a nickel system has a problem from a viewpoint of a cycle life and 
thermal stability, although high capacity is most expected in these three systems. However, this 
problem is set on a small noncommercial use cell with comparatively little amount of as [ used ] 
positive active material as the presentation system which permuted some nickel from cobalt or 
manganese since it was cheap compared with the cobalt system — nickel-cobalt multicomputer 
system (For example, JP,9-259884,A) Nickel-manganese multicomputer system (For example, JP,6- 
203829 A JP,6-96768 r A) Cobalt-manganese system (for example, JP,3-201368,A, JP.4-281 62,A) etc, 
— it sees and the dry type composition technique is examined as the process. 

[0009] in addition — as the wet compoundHzed technique from a raw material composition phase — 
nickel-cobalt multicomputer system (for example, JP r 9-270257,A, JP,8~2361 1 7,A) Nickel-manganese 
multicomputer system (for example, JP,8~171910 r A) Nickel-cobalt-manganese multicomputer system 
(for example, JP,9-222220,A, JP,9-251 854,A) etc. — it is proposed. 
[0010] 

[Problem(s) to be Solved by the Invention] nickel system (UNi02) Cobalt system (LiCo02) although it 
compares and a high energy consistency is expected by the low price — some aforementioned nickel 
elements — cobalt — and — or it was thought that the extensive improvement of the thermal 
stability at the time of a charging lithium removal could not expect the attempt of the formation of 
presentation compound permuted from manganese mainly with an eye on a cycle life and a capacity 
improvement 

[0011] Therefore, in order to solve such a problem, permuting examination of a raw materia! process 
and some nickel elements with the aluminum which is elements other than manganese and cobalt etc. 
is proposed. 

[0012] as examination of a raw material process — collection p fl 101 of the 38th cell debate lecture 
summaries **** — It is ammonia/(nickel + cobalt) to nickel nitrate and a cobalt nitrate mixed water 
solution. Aqueous ammonia is added so that a ratio may be set to 3, It stirs at 80 degrees C for 3 
hours, and is pH=6„5 -7.5, One mol [A ]~sodium~~hydroxide liquid is dropped so that it may maintain. 
Compound hydroxide which boiled, filtered [ removed ammonia, rinsed and ] and dried and was 
obtained nickelO^SCoOJS (OH) 2 and a lithium hydroxide are calcinated for 20 minutes in the oxygen 
of mixing and 750 **. Thus, by enlarging particle size of LiNiO,85Co 0J5O2 obtained with 2 
micrometers or more, it is DTA after a charging lithium removal (Differential Thermal Analysis: 
differentia! thermal analysis). It is indicated that an exothermic peak shifts to about 7-degree-G 
elevated-temperature side compared with a particle 1 micrometer or less. 

[0013] Moreover, in JP,9-237631,A, it sets to LiNi1~x-y-z Cox Mny Alz 02, and is 0.15<=x<=0„25, 0< 
z<=0,1 5, or 0< y<"0„3 at the time of y~ 0„ At the time 0<=x<~Q„25, 0< z<=0.1 5, and x+y<=0.4 It faces 
manufacturing the positive active material for lithium secondary batteries characterized by carrying 
out beta-nickel 1-x-y Cox Mny which carried out coprecipitation composition 2 beta-nickel 1-x-y 
Cox Mny OOH (0<=x<=0.25, 0<=y<=0„3), LiOH, and Li2 — C03 and LiN03 etc. — with the source of 
Li [ or] aluminum (OH)3 and aluminum 203 etc. — mixed baking of the aluminium compound was 
carried out and the LHnickeHCo-Mn-aluminum multiple oxide has been obtained, 
[0014] This invention has proposed the improvement effect of the thermal stability by inactive point 
installation into the crystal lattice by the control and aluminum addition of gap between the crystal 
layers of the positive active material at the time of the delithium by addition of cobalt and 
manganese. As effectiveness of the exoergic control at the time of the delithium by the addition 
compound existence of aluminum, it is DSC (Differential Scanning Carlorimetry: differential scanning 
calorimeter). In data, drawing is indicated for an exothermic peak being broadcloth in a specification 
as the proof 

[0015] However, although it is admitted in data that the sharp peak by compound-izing of aluminum 
becomes broadcloth, it is hard to admit being improved on equivalent level as gross calorific value. It 
is the trigger of ignition by surely a sharp exothermic peak becoming broadcloth a little,, (trigger) 
SomeHike danger is insufficient for control of the exothermic peak behavior for which a cell is asked, 
and gross calorific value, although improved. 

[001 6] As other examples, using the multiple oxide of transition metals, such as nickel and cobalt, and 
non-transition metals, such as aluminum, as positive active material of a lithium secondary battery is 



shown in JP,4-22066,A or JP,9~232002A However, only by convention of the transition-metals 
whole quantity, the relation of elements is not specified and important technical-problem recognition 
that the quantitative relation between the amount of transition metals and an addition permutation 
element influences thermal stability, the safety relevant to it, and a cycle life also in invention 
[ which ] is not made, 

[0017] This invention is made in order to solve such a technical problem, and it aims at offering the 
positive active material for lithium secondary batteries and the lithium secondary battery which were 
moreover extremely excellent in high capacity, long lasting, and a low price at the thermal stabifity at 
the time of a delithium., 

[0018] This invention aims at offering the positive active material for lithium secondary batteries and 
the lithium secondary battery which were excellent in capacity, a life, and thermal stability as a large- 
sized cell for a drive of an electric vehicle etc. from still more nearly another field. 
[0019] 

[Means for Solving the Problem] In order to attain this purpose, as a result of this invention persons' 
inquiring wholeheartedly, a header and this invention completed for the epoch-making positive active 
material for lithium secondary batteries and an epoch-making lithium secondary battery excellent in 
capacity, a life, and thermal stability being obtain by combining skillfully the technique of carrying out 
mixed baking with the new manufacture technique which includes the phase where of only the 
specified quantity carries out homogeneity mixing composition of two or more elements, from the 
nickel manganese cobalt system raw material composition phase which carried out specified quantity 
combination, and lithium salt. 

[0020] Moreover, electrochemical technique and the acid-treatment method using disproportionate 
are learned by the delithium, and, as for the former, the latter can determine the amount of delithiums 
by the chemical analysis from charge capacity, respectively. Since in the case of a nickel system 
ingredient calorific value changes with the amounts of delithiums a lot even when especially an 
exothermic peak location is eternal, Empirical forrnula:Li1-a nickel1-b-c-d Mn b Coc Md 02 (M: 
additional trace elements) prepared as mentioned above although it was meaningless when the 
amount of delithiums was fixed and calorific value was not measured It sets. - In the case of 
0 r 15<=a<=0„10, 0„02<=b<=0„45, 0<=c<=Q«50, and the nickel-manganese system ingredient that has the 
presentation of 0<=d<=0.20 It becomes clear by research of this invention persons that the amount x 
of ** lithiums shows the calorific value of about 1 law in 0„20<=x<=0.30, and, moreover, the calorific 
value is the heating range of 175 - 300 ** n As compared with the calorific value of Lix Ni02, it got to 
know that it was 30% or less, and resulted in this invention, 

[0021] This invention is Li1-a nickel 1-b-c-d Mnb Coc Md 02 (M: additional trace elements) here. It 
sets. - It has the presentation of 0.15<~a<=0„10, 0„02<=b<=0.45 f 0<=c<=0.50, and 0<=d<=0.20. The 
amount x of ** lithiums is the positive active material for lithium secondary batteries with which 
calorific value y in the heating range is characterized by being 0<=y<=30% to the calorific value of Lix 
Ni02 at 175 - 300 ** in the range of 0,20<~x<=0„30. 

[0022] the suitable voice of this invention — if it depends like — M in the above-mentioned general 
formula — the [ of element periodic tables other than hydrogen and a lithium element ] — la the [ a 
group and ] — Ha the [ a group and ] — lib the [ a group and ] — the [ an IHb group and ] — IVb 
They are one sort or two sorts or more of elements chosen from the group which consists of 
transition elements other than a group and nickel and Co, and Mn. Furthermore, from another field, 
this invention is the lithium secondary battery which used said positive active material, 
[0023] 

[Embodiment of the Invention] Hereafter, although the gestait of operation of this invention is 
explained to a detail, this invention is not limited at all by the gestait of the following operation, in the 
range which does not change the summary, can be changed suitably and can be carried out 
[0024] First, the reason which limited the presentation as mentioned above in this invention is 
explained, the delithium according to charge to the positive active material in which drawing 1 had 
empirical formula:Li1-a nickel 1-b-c-d Mnb Coc Md 02 — carrying out — empirical forrnula:Li x 
nickel 1-b-c-d Mnb Co c Md 02 ** — it is the graph which shows the relation between the amount x 
of ** lithiums when carrying out, and generation of heat/the amount of endoergia 
[0025] drawing 1 also shows — as — (i) The amount x= 0,2-0.3 of ** lithiums the range — calorific 
value (structural change) constant value — being shown — the amount x> 0.3 of (ii) remaining 
lithiums **** — calorific value — small — appearing — (object partial smallness of a structural 



change) ** (iii) on the other hand — the amount x< 0.2 of ** lithiums **** — NiO accompanied by 
oxygen emission Since it is accompanied by the decomposition endoergic, calorific value becomes 
small seemingly, (carrying out calorific value-endoergic difference of quantity length balance sake) . 
[0026] In addition, generally as a unit of chemistry calorific value, it is cal/g. It is used and to be 
shown in drawing 2 mentioned later is easily asked from the exothermic peak area in DTA in this 
invention. For example, although the calorific value of a nickel acid lithium (UNi02) changes a little 
with processes etc., it is 170 - 200 ca!/g. 

[0027] Drawing 2 is a graph by which takes a along an axis of abscissa and the relation between the 
amount of lithiums in empirical formula:LM-a nickel 1-b-c-d Mnb Coc Md 02 (1-~a) and discharge 
capacity is shown on it. Drawing 2 shows the following point 

[0028] (1) Oxide independent phases other than Li according to the lack of Li less than [ LKG.90 ] 
when the amount a of lithiums in an empirical formula becomes larger than 0,10 (they are inhibition, 
and a reaction and Li migration diffused-resistor size about charge and discharge) Discharge capacity 
becomes small by formation. «=1 50 mAh/g) . 

[0029] Here, it is 150 mAh/g. Geometric capacity 274 mAh/g of LiCo02 It receives. It is a capacity 
equivalent to Li 1„Q-0„45 obtained on count by the charge and discharge to 4,2V, and is an index for 
the utilization in this invention. However, although it is usable if it changes with charge-and-discharge 
conditions and the application of a space tooth space eta is chosen under as 150 mAh/g, it sets to 
this invention, and this discharge capacity is 150 mAh/g from a viewpoint of output energy density 
(Wh/kg r Wh/lX The above is desirable. 

[0030] (2) If a is smaller than -0.15 (Le„, if Li>1.15 are exceeded), a cell reaction will be checked by 
the deposit of Li oxide phase by superfluous Li, and discharge capacity will become small (<=150 
mAh/g) . 

[0031] Drawing 3 is set to empirical formula:Li1~a nickel 1-b-c-d Mnb Coc Md 02, a=HX05, 
0.02<=b<=0.45, c= 0.20, and d= 0 Example of presentation^ 1.05nickel(0..08~0„20) Mn((HX60) Co 
0.20O2 when it carries out that is, It is the graph which can be set and which shows the relation 
between Mn presentation mole ratio, and discharge capacity and a calorific value ratio, 
[0032] Drawing 3 shows the following point 

(1) If the amount b of Mn in an empirical formula becomes larger than 0.45, the amount of generation 
of spinel system LiNiO.SMn 1,504 which does not contribute to charge and discharge in 4V field will 
increase quickly, and discharge capacity will fall. 

[0033] (2) On the other hand, the effectiveness exerted on exoergic control Mn compound [ in the 
LiNi02 frame composite of this invention ] is very large, a calorific value ratio is controlled in the 
amount b>=0,02 of Mn to 30% or less which is a target index, and calorific value approaches zero as - 
0.45 and the amount of compounds increase, 

[0034] This is considered to be based on the layer structure and the frame stabilization effect by 
small Mn3with oxygen affinity strong moreover* of an ionic radius compared with frame nickel3+ In 
addition, a calorific value ratio is set on these specifications here, and it is LixNi02 x=0.2 ~0,3„ It is 
the calorific value in the range of 175 - 300 ** 100 The calorific value ratio when carrying out is 
expressed, 

[0035] Drawing 4 is set to empirical formula:Li1~a nickel 1-b-c-d Mnb Coc Md 02. a=MX05, b= 0.30, 
0<=c<=0,50, and d= 0 Example:Liof presentation 1.05nickel(0/72-0. 20) MnO„30Co(0-Q.60) 02 when it 
carries out that is, It is the graph which shows the relation between Co presentation mole ratio which 
can be set, and discharge capacity and a calorific value ratio. 
[0036] Drawing 4 shows the following point 

(1) If the amount c of Co(es) in an empirical formula becomes larger than 0,50, the independent phase 
of LiCo02 will deposit and the capacity by nickel skeletal structure will fail. Moreover, since Co is an 
expensive ingredient poor in a resource and, it is not desirable that Co loadings increase. 
[0037] (2) On the other hand, although an exothermic peak shifts to an elevated-temperature side a 
little by Co compound in the LiNi02 frame composite of this invention, the effectiveness of exoergic 
control is comparatively small and shows an almost fixed value to the amount of Co compounds. 
Co3+ ion tends to dissolve from it being small compared with nicke!3+ ion, and this originates also in 
an oxygen affinity being Mn3+>Co3+>nickel3+ 

[0038] Drawing 5 is set to empirical formula:Li1-a nickel 1-b-c-d Mnb Coc Md 02. When referred to 
as a=-0„05, b= 6.20, c= 0.1, and 0<=d<=0,20, That is, example:Liof presentation!. 05nickel(0.70-0.20) 
Mn0„20Co0„1M(0-0.30) 02 It is the graph which shows the relation between the M-aluminum 



presentation mole ratio which can be set, and discharge capacity and a calorific value ratio. 
[0039] Drawing 5 shows the following point 

(1) Deposit of the byproduction phase which will not contribute to charge and discharge if the amount 
d of M=aluminum in an empirical formula becomes larger than 0.20 (aiuminurn->aluminum 203 t LiAI02 
grade) Discharge capacity falls. «=150 mAh/g) „ 

[0040] (2) Although the effectiveness by Mn compound is larger, as a depressor effect element in low 
Mn loadings, it is very effective, and calorific value control is little compound. (d<=0.2) Calorific value 
improves further 

[0041] Lix Ni02 used for the comparison of calorific value in this invention For example, lithium 
hydroxide of a commercial reagent (LiOH t H20) Nickel hydroxide (nickel2 (OH)) Li/nickel ratio = What 
mixed by 1,01 and was cast to 20mmphi is put in all over a tube furnace. After carrying out oxygen 
aeration by 150 for 4 to 6 hours, in the time of 150 **/to bottom of oxygen ambient atmosphere 
600 ** A temperature up, It is grinding classification about the ingredient which cooled in 50 degrees 
C/o'dock to 750 **, and was cooled in the time of 100 - 200 **/to maintenance and a room 
temperature after the temperature up to the pan for 24 hours, (250 below mesh) LiNi02 which 
obtained by carrying out The amount x of lithiums, To 0„20<=x<=0,3Q t a delithium can be carried 
out, it can obtain, and this can be used with sufficient repeatability. 

[0042] Although the precision heat-capacity measuring method by the heat insulation mold heating 
value is used besides DTA and DSC as general heat behavior and the amount measurement 
technique of heat of reaction, strengths and weaknesses are in each. It is not necessarily DSC 
(Differential Scanning Galorimetry: differential scanning calorimeter) from relative evaluation with 
comparison material being important as the technique of confirming the effectiveness of this 
invention, tt is not necessary to use and is usual thermal-analysis equipment. (TG-DTA : 
Thermogravimetry-Differential ThermalAnalysis, thermo gravity and differential thermal analysis) It is 
enough. 

[0043] Drawing 8 is an overseas cell society (an IBA cell technical examination meeting, 1997 
Taiwan). Charge by reported DTA (charged) LiN!02 and LiCo02 behind a delithium, and LiMn 204 It is 
exoergic behavior and LiNi02 shows sharp big generation of heat compared with other ingredients. 
[0044] What should be mentioned specially in this invention is prescribing in the predetermined range 
that the addition carries out mixed crystallization to homogeneity on atomic level from a raw materia! 
phase with a nickel manganese cobalt element, when adding additional trace elements M. 
[0045] Although the settling which controlled pH used as basic techniques, such as waste water 
treatment, to the alkali side as the technique of compound-izing from a raw material phase is known 
well, since the precipitate generation pH according to element differs greatly, a final sedimentation 
object will be in the physical mixed state of each element hydroxide, and element equalization on 
atomic level is difficult It is high alkali like especially aluminum, (pH>=10,0 neighborhood) The 
compound from the raw material phase of the element which dissolves as complex ion by the side is 
difficult, for example, after compounding a nickeHVtn-Co compound hydroxide as indicated by JP,9™ 
237631 A the technique of carrying out mixed baking of an aluminum oxide or the aluminum hydroxide 
with the source of a lithium as another raw material, and obtaining a multiple oxide is adopted. 
[0046] The synthesis method found out as a result of wholeheartedly examination of this invention 
persons in order to solve these problems is predetermined temperature and pH conditions about the 
ammonium bicarbonate salt water solution which carried out minute amount addition of the sulfate 
water solution and ammonia of various elements, (neutral region) It is the approach of adding 
coincidence or by turns and making crystal growth almost uniform in the shape of a concentric circle 
ball performing. CompoundHzation in the raw material phase of various kinds of elements made 
difficult so far by this approach can be made to perform easily., 

[0047] Precise indeterminate form composite is obtained by setting pH to an alkali side in this 
synthesis method, and on the other hand, adding alkali, such as a lithium hydroxide, instead of 
ammonium bicarbonate. Even if it carried out mixed baking with the source of a lithium like the 
previous synthesis method and carried out the delithium of this, it found out that the same 
effectiveness was acquired. In this case, it is thought that the compound raw material presentation 
acquired forms the double salt of a compound presentation like for example, 2NiCO(s)3 and 3nickel 
(OH)2.4H20 instead of the so-called pure carbonate. 

[0048] Therefore, pH field is made high like the latter, what raised the hydroxide generation ratio of 
double salt is set to this invention, and it is a hydroxide method (omitting water method). It is a 



carbonate method (omitting charcoal method) about the process which called and made the former 
carbonate the subject It distinguishes. 

[0049] In a charcoal method, it is thought that crystal growth is a fixed form-like, it is the description 
in a water method that it is an indeterminate form, and it is the main factor of the effectiveness 
manifestation to which all require stabilization of the structure by homogeneity mixing in a raw 
material phase for this invention, 

[0050] There is an approach to indicate UP, 1-294364,A in addition to the above-mentioned settling in 
the conventional technique about this point. In this official report Lix O(Gol-yNiy) 2, x=0-1, and y= 
0,5-0.9 They are nickel and a cobalt salt ghost (NiC!2.6H20+CoC!2.6H20) as an approach of obtaining 
the composite of a presentation. Carbon dioxide gas is saturated in a water solution. The approach of 
adding a sodium bicarbonate water solution and making carry out neglect coprecipitation, and carrying 
out mixed baking with desiccation and a lithium carbonate by 140 in argon gas **, after rinsing 
obtained sediment is indicated. This invention makes nickel dissolve to LiCo02, and lowers open 
circuit voltage, it is for obtaining a big charge~and-discharge capacity in the low electrical potential 
difference not more than 4V, and the crystallization process completely differs from this invention in 
the raw material - process pan with that purpose and technical-problem recognition, 
[0051] this invention persons tried the various formation of element compound, and characterization 
using the aforementioned new compoundHzed process. Consequently, Li1 — a nickel 1-b-c-d Mnb Goc 
Md 02 (M: additional trace elements) In a presentation It is 0J5<~a<=0J0, 0*02<=b<=0,45, 
0<=c<=0„50, and 0<=d<=0„20„ - Preferably M — the [ of element periodic tables other than hydrogen 
and a lithium element ] — la the [ a group and ] — lla a group — the — lib the [ a group and ] — 
the [ an Hlb group and ] — IVb By specifying it as at least one sort chosen from the group which 
consists of a group and the transition element except nickel, Mn, and Co It found out that the 
calorific value y in 175 when considering as the amount 0,20^— xC—0.30 of lithiums — the 300 
heating range became OK^^SOYq to Lix Ni02„ If it puts in another way, such a heat generation 
characteristic and stable structure are equivalent 

[0052] Although the effectiveness manifestation mechanism of this invention is not clear, as already 
explained, I think that it became mixing of the atomic level in a raw material phase, and a precise 
crystal growth process and structure stabilization have contributed to the thermal stability 
improvement greatly. Therefore, in manufacturing the positive active material concerning this 
invention, it will not be restricted especially if it is the process with which can be satisfied of the 
manifestation mechanism of this invention effectiveness, 

[0053] The lithium secondary battery concerning this invention is Lil-a-x nickel1-b-c-d Mnb Coc Md 
02 (however, it consists of the negative electrodes and nonaqueous electrolyte which consist of the 
positive electrode, lithium metal, or carbon material which consists of positive active material which 
made the subject -0„15<=a<-0„10, 0,02<=b<=0,45, 0<=c<=0.50, and the constituent that is 
0<=d<=0.20a 

[0054] the suitable voice of this invention — if it depends like — M — except hydrogen and a lithium 
element — it is — the [ of an element periodic table ] — la the [ a group and ] — Ha the [ a group 
and ] — Hb the [ a group and ] — the [ an Hlb group and ] — IVb They are one sort or two sorts or 
more of elements chosen from the group which consists of the transition element except a group and 
nickel, manganese, and cobalt. It will be as follows if these elements are illustrated, 
[0055] 

the — la Group: the [ Na, K, Rb, Cs, and Fr ] — Ha Group: It Be(s). the [ Mg, calcium, Sr, Ba, and Ra ] 
— lib Group: Zn, Cd r and Hg — the [ Cf ] — Hlb group: the [ B r aluminum, Ga, In, and Tl ] — IVb 
Group: C, Si, and germanium, Sn and Pb — the negative electrode used in addition in the lithium 
secondary battery concerning this invention, although the lithium metal is used in the example As 
such a negative-electrode active material, as long as a dope and a dedope of a lithium are possible, 
you may be any. pyrolytic carbon and corks (pitch coke and needie coke — ) petroleum coke, etc, 
graphite, glassy carbon, and organic high-molecular-compound baking object (phenol resin — ) 
carbonaceous ingredients, such as what calcinated and carbonized furan resin etc at suitable 
temperature, a carbon fiber, and activated carbon, or a metal lithium, and lithium alloy (for example, 
lithium-aluminum) others — polymers, such as polyacethylene and polypyrrole, are illustrated. 
[0056] the electrolytic solution — lithium salt — an electrolyte — carrying out — this — 0„5™1.5 
mol/ — a liter — the nonaqueous electrolyte dissolved in the organic solvent by concentration is 
used. Especially as an organic solvent, although not limited, there are independent or the mixed 



solvents which were mixed two or more sorts, such as propylene carbonate, ethylene carbonate, a 
carbonic acid butylene, gamma~~butyrolactone, dimethyl carbonate, ethyl carbonate methyl, an acetic- 
ester compound, a propionic-acid ester compound, a JI acetic-ester compound, dimethoxyethane, 
diethoxy ethane, dimethoxypropane, a diethoxy propane, a tetrahydrofuran, and dioxolane, here, for 
example, 

[0057] As an electrolyte, there are 4 lithium perchlorate, trifluoro methansulfonic acid lithium, and 
lithium borate fluoride, a 6 fluoride [ phosphoric acid ] lithium, a 6 fluoride arsenic acid lithium, etc. 
[0058] Especially the configuration of the nonaqueous lithium secondary battery concerning this 
invention is not limited, and can be applied to any cells, such as a coin mold cell, a cylindrical whorl 
type cell, a plateHike square shape cell, and an inside-out moid cylindrical cell Moreover, in this 
invention, although the small cell is mentioned, it is suitable for a large-sized cell especially from a 
viewpoint of the safety by exoergic control. 
[0059] 

[Example] They are 26,9kg of nickel sulfates, 5.0kg of manganese sulfates, and 6,6kg of cobalt sulfate 
so that the mole ratio of manufacture **** nickeHVIn-Co of [example 1] raw material composite 
material may be set to 0.65-0.20-0,15- It dissolves in pure water and is 100. It considered as the liter, 
(A liquid) r On the other hand, 14Jkg of ammonium bicarbonates is dissolved in pure water, 
dissolution dilution of the 11 „8L of the dark aqueous ammonia is carried out further at pure water, and 
it is 100, It considered as the liter, (B liquid) . 

[0060] Next, about 300 The heating temperature up of the 15L reserve water was put in and carried 
out to the stirring reaction vessel of a liter, and the aforementioned A and B reaction mixture were 
added by turns into the reaction vessel over about 12 hours by several the I. flow rate for /with the 
metering pump. After addition termination of reaction mixture, stirring maintenance was carried out 
for about 1 hour, and the further crystal growth was urged. Then, after filtering and rinsing a reactant, 
it dried one whole day and night, and the 18,6kg compound carbonate was obtained. 
[0061] Grinding mixing was carried out, 13,4kg of compound carbonates and 2,85kg of lithium 
hydroxides obtained with the manufacture above of a lithium multiple oxide were cast further, and it 
calcinated by 840 for 24 hours with the electric furnace which circulated oxygen gas. After cooling 
a baking object to a room temperature, grinding classification is carried out and it is a product below 
predetermined grain size, (positive active material for lithium secondary batteries) About 10kg was 
obtained* In addition, the grinding classification was carried out in the desiccation ambient 
atmosphere, 

[0062] The cell property and thermal stability of a lithium multiple oxide which were obtained were 
measured by the below-mentioned technique, and the obtained result was shown in Table 1„ 
[0063] Positive active material 100 which is cell production and a trial and was made and 

obtained After adding the fluororesin powder 10 weight section to the weight section as the 
acetylene black 15 weight section and binding materia! as electric conduction material and mixing 
enough, it kneads by the organic solvent, and it is about 400 by the roll., It pierced by rolling and 150 
to mum after desiccation and at a predetermined path, and the positive electrode was produced, 
[0064] On the other hand, the metal lithium foil pierced in the predetermined dimension is rolled out 
in a current collection material mesh, it considers as a negative electrode, and they are ethylene 
carbonate (EC) and dimethyl carbonate (DMC), Mixed solution (volume ratio 1:2) 6 fluoride 
[ phosphoric acid ] lithium (LiPF6) What was dissolved by L in one mol /was used as an electrolyte, 
and the rechargeable battery shown in drawing 6 was assembled. 

[0065] It sets to drawing 6 here, and 1 is a positive electrode and the positive-electrode charge 
collector of the product [ 2 ] made from stainless steel, the positive electrode 1 and the charge 
collector 2 are unified, and spot welding of the charge collector 2 is carried out to the inside of three 
between positive electrodes. The negative electrode which was able to do 4 with the metal lithium, 
and further 7 are separators which consist of a polypropylene nonwoven fabric, and said electrolytic 
solution sinks into this. In addition, 8 is insulating packing. Moreover, cell dimensions are the diameter 
of 20,0mm, and depth 1,6 mm, 

[0066] Like the above, using the produced cell, it sets to charge and discharge current 1 mA/cm2, 
respectively, and is a charge termination electrical potential difference, 4.2V, discharge final voltage 
Charge and discharge were repeated by 3 0V, and the charge-and-discharge property to 50 cycles 
was checked, 

[0067] In addition, a result is the unit weight conversion discharge capacity (mAn/g) of an active 



material [ in / in this / a first time cycle ] although only initial discharge capacity shows. It expressed. 
150 or more mAn/g of discharge capacity was considered as success. 

[0068] The cell of the heat-instability-test aforementioned configuration is used, and it is the current 
density of 2 1mA/cm„ Constant-current charge to 4,2V is performed, and it continues., Charge by the 
constant current + constant voltage control which performs charge of a total of 15 hours by 4,2V 
constant voltage was performed, and the lithium was drawn out from positive active material The 
amount of drawing of a lithium is geometric capacity [(1g active material / molecular weight) x(96500 
coulomb/3600) x1000 mAh/g] calculated from the molecular weight of an active material It asked 
from the number of lithium analysis mols of the ratio of the receiving charge capacity, or the active 
material after charge, 

[0069] It dissolved all over the glove compartment which carried out humidity control of the cell after 
constant current + constant-potential charge to about 50 degrees C of dew-points, and the positive- 
electrode sheet was taken out, and it washed 3 times in the acetone solvent of 100 ml T and after 
removing the adhesion electrolytic solution, it put on the filter paper and dried. A positive electrode is 
removed from the mesh of the stainless steel which constitutes a charge collector after desiccation, 
and it is a container made from platinum for thermal-analysis measurement, (volume [ of 0.05ml ], and 
dimension 5phix2.5 mm) 40mg is filled up with positive-active-material conversion. Thermal-analysis 
measurement carried out measurement from a room temperature to 600 ** by part for prograrnming- 
rate/of 5 degrees C using the TAS200 actuation form differential thermobalance made from physical 
science. In addition, measurement is faced and it is thermogravimetric analysis to differential thermal 
analysis (DTA:Differential Thermal Analysis) and coincidence. (TG:Thermogaravimetry) It carried out 
[0070] Positive active material which drew out the lithium to the amounts 0.20-0.30 of ****** 
lithiums of thermal stability data It compared with the exothermic peak area of the standard sample 
LtNi02 which carried out the tales-doses delithium of the exothermic peak area which appears 
between 175 ** and 300 ** of DTA data. The area at this time is drawing 7 (a), (b) Above the base 
line before and after generation of heat of drawing which carried out the expansion copy at the 
standard substance and the rate of said so that it might be shown (generation-~of~heat side) The part 
was cut off, and it asked with the drawing upper integral method which measures the weight to 4 
figures below decimal point, and compared with the exoergic data of a standard substance. 
[0071] In addition, drawing 7 (a) Standard substance LixNi02 NiO accompanied by [ are TG-DTA data 
of the amount x= 0,05 of ** lithiums which can be set, and ] the oxygen emission endoergic 
immediately after generation of heat Decomposition (weight reduction) It is shown. Drawing 7 (b) TG- 
DTA in the amount x= 0.25 of** lithiums of this ingredient It is the example of data. 
[0072] special grade chemical lithium-hydroxide dehydration article of Wako Pure Chem industrial 
ratio =1.01 conversion of preparation marketing of a thermal stability standard sample Co., Ltd. — 
Nickel hydroxide reagent nickel(OH) 2 (nickeI61,0%) 48>09 g and Li/nickel (after 16-hour dehydration 
at 120 degrees C) of 96,4% of purity for chemistry of make They are after mixing and a bessel 
grinding container for 10 minutes with a mortar about sealing storage 12.09 g„ (the product made from 
SUS304, a bore 140 phimm depth of 49mm, space volume 340 ml) Oscillating bessel preferential 
grinding was put in and carried out for 3 minutes. They are after a whole-quantity ****** 1-rninute 
mixing crack and mixture to a mortar promptly after grinding. 7.0g is considered as a part for one 
pellet, and it is SUS of 20phimm. It put into make metal mold and 1t /of four pellets was made as an 
experiment by 2 cm. 

[0073] It is SUS310S about four prototype pellets. It installs in the center of a make boat and is a 
tubular electric furnace* (60phix600 mm) It uses and is oxygen gas. (linear velocity >=1 cm/second) It 
calcinated making it circulate. After having held in 50 degrees G/o'clock to the temperature up and 
the pan to 600 ** after carrying out an oxygen purge by 150 ** at first for 6 hours, and holding by 
the temperature up and 750 ** to 750 ** in the time of rate 150 **/for 24 hours, the temperature 
was lowered in the time of 200 **/to the room temperature, and the sample was kept in the 
desiccation desiccator 

[0074] The grinding classification of a baking sample is a mortar and a sieve mesh. (250 a mesh, 74- 
micrometer or less whole-quantity passage) It carried out and carried out all over the glove 
compartment which filled argon gas, and all samples were paid to the plastic container which 
intercepted moisture, and were kept in the desiccator. The thermal stability measurement after the 
delithium of the obtained standard substance LiNi02 is the aforementioned technique., (heat- 
instability-test method) It carried out 



[0075] They are 28,5kg of nickel sulfates, 5.3kg of manganese sulfates, and 7.0kg of cobalt sulfate so 
that the mole ratio of nickel-Mn-Co may be set to 0,65-0,20-0,1 5 like the [example 2] example 1. It 
dissolved in pure water and could be 1001. 12.5L of dark aqueous ammonia was put into this, and it 
stirred, controlling temperature. Next r it added little by little and the lithium-hydroxide water solution 
and ammonium bicarbonate mixed solution of predetermined concentration were made to react for 
about 8 hours so that it may be set to pH>=8,0 -10,0, After filtering and rinsing the obtained solid, it 
dries one whole day and night, and it is a 14,9kg compound hydroxide (double salt is included), It 
obtained, 

[0076] 10„4kg of compound hydroxides and sodium-hydroxide 2.85 kg which were obtained above 
Grinding mixing was carried out, and it cast further, and calcinated by 800 for 24 hours with the 
electric furnace which circulated oxygen gas. After cooling a baking object to a room temperature, 
grinding classification is carried out, and it is a product below predetermined grain size, (positive 
active material for lithium secondary batteries) About 10kg was obtained. In addition, the grinding 
classification was carried out in the desiccation ambient atmosphere, 

[0077] The cell property and thermal stability of a lithium multiple oxide which were obtained are 
measured by the above-mentioned technique, and, similarly the obtained result is shown in Table 1. 
[0078] The [example 3] example 1 and an example 2 are followed, and it is Li1-a nickel 1-b-c-d Mnb 
Coc Md 02 (M: additional trace elements). Various positive-electrode materia! with a presentation 
was created, and the same characteristic test was performed. A result is collectively shown in Table 
2 thru/or 4, 

[0079] In addition, that there is that it is with a "charcoal method" in the item of a "classification" in 

front Naka with a ''water method" when a compound carbonate is manufactured according to an 

example 1 shows the case where a compound hydroxide is manufactured according to an example 2, 

respectively, 
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[0084] 

[Effect of the Invention] In this way, the positive active material for lithium secondary batteries which 
was moreover extremely excellent in high capacity, long lasting, and a low price at the thermal 
stability at the time of a delithium according to this invention is obtained, it can use not only for the 
object for small cells but for the large-sized cells for electric vehicles, and the practical meaning is 
large also from the point of application expansion of a rechargeable lithiurrHon battery. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the relation between the amount x of lithiums, and 
generation of heat/the amount of endoergic 

[Drawin g 2] It is the graph which shows the relation between the amount of empirical formula 
lithiums, and discharge capacity, 

[Drawing 3] Mn It is the graph which shows the relation between a presentation mole ratio, and 
discharge capacity and a calorific value ratio, 

[Drawing 4] It is the graph which shows the relation between Co presentation mole ratio, and 
discharge capacity and a calorific value ratio, 

[Drawing 5] It is the graph which shows the relation between a M=aluminum presentation mole ratio, 
and discharge capacity and a calorific value ratio. 

[Drawing 6] It is the sectional view showing the configuration of the coin mold lithium secondary 
battery which applied this invention, 

[Drawing 7] TGHDTA in thermal stability measurement It is the graph which shows the example of 
data and is drawing 7 (aX Standard substance LixNi02 TG-DTA of the amount x= 0,05 of** lithiums 
which can be set It is data and is drawing 7 (b), TG-DTA in the amount x= 0„25 of ** lithiums of this 
ingredient It is the example of data, 

[Drawing 8] DTA Charge to depend (delithium) Next LiNi02 and LiCo02, and LiMn 204 It is the graph 
which shows the example of well-known measurement. 



[Translation donej 



* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated, 

3. En the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 

200 



f 




OA QB QM 



zoo 

T80 
ISO 
170 
100 
150 
140 
130 
120 
HO 
100 




z: 



5 



-0.3 -ojg -aji -oi & -o,5 -ft.os a 0.05 o.i at5 02 ass oj 



[Drawing 3] 



200 
160 

jj mo 

1 ISO 
100 

i : 

40 

20 
0 



3e 



0 0.1 



W M 0.4 0-5 B.fl 0.7 0.8 OJ 



100 


n 

C3 


CO 


VI 




K 


00 


VI 


70 


3 


fid 




50 


| 


40 


Si 


3D 


S 


20 




10 




s 


0 





[Drawing 4] 
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0 , 7j<iS{cf5^T«T^BTfe§C<tOTf?l:TfeD, ^ 

[oos o] c©jS}c(its^5iMtcii, iwasoaia 

iSfeWrttWHT 1 -2943M*4t»OBi*t**i**«* 
0, C©4i*B(ctt, Li. (Coi-y Ni, )0: , x = 0~l, 
y-0.5 -0-9 fiA<DH^#%ff 573iS^ LT-'V^^ 

Kt«»*Z«ft««-a:, fiMS!^- h y f A*»«*iB 

a TttB»a* mbnrc'rmm%7)<mmc7>i =f > 

*«*nTI/^ 0 C©SWt±LlCoO: JCNI*BJS**T 
P^SSME^T«f- 4 VWT©«£v^«Efc*t^T**ft^ 

X^t<l*oT^5< 

[0 0 5 1 ] *5IWS6{±mlE©«rLi>S[^tl!!S%ffl 
^T. fS<? ©Tt^S^ft fc^ttlT-fflli*^ fc, 
X, Li.-. NIi-m Mm- Co, M< Ot ( H: M®gsi!i07C 
X) ©IBrtfctelfVt, -0.15S a SO. 10, 0 02Sb SO. 
45, OScS0-50, OSdS0.20T-&0, <tF*L<li, 
M«-7j<^, "J*-«>A5aS*W©7C*JSJ||«0« 1 a S, 
tBUa ft, Sllb ft, Mlilbft, **tf»IVb ft, 
tftcNi, Sin, Co^Mt<j^7cjR]b>&A%tt]^&9A//£<P' 
jSKkfeiatSte-TftcttiO. $1>t''/AS0.20 
SxSO 30i:Lfci:t©175 -300 "CtoUilSlIlT©^ 
ft y M i, mOActt LT 0 S y S30 96 S c t ^rMtB 
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m I a ft: Na , K , Rb, Cs. Fr 

mi la ft: Be , Mg, Ca, Sr, Ba, Ra 

glib ft: Zn . Cd, Kg. Cf 

Klllbft: B. Al . Ca, In, Tl 

SilVb ft: C, Si , Ge, Sn, Pb 

* *5, *5«c ft S i J * A - 3tiBtt Ic ^ Tfl3 ^ S ft 

ffti, SSMWtefc^Ttt »J ^7A#H£ffi^Ti/>S#. 
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IB^jilE 3.0V •pTtftnl^a 0 31 L50+J" Y T-cO 
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£WD JR !> . <h$£&T 4 ffi* T'OlI^itt 30_fc. 

ft* 

[0 0 7 1] 443. 13 7(a) ttflPWRBLixNife ic*3tt 
5«yf"> Affix =0.05OTC • DTAy-'-^WX fgfft 
Sft^S6^tb»^fr- 3NiO 'NOafiP (JISM^) * 
*lvTV*o 07 (b) ttflWfi«ay**Aax«0.25 
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SOT«ffll Ha C^^Azi^WBIlffliEflBSHW) WlOkg 

[ 0 0 7 7 ] ff 6tXft U A J® «Kf bnov»Ktte 

*tf»g*tt&tt»<0? isle * ! j l . ft &n/te« 

[0 0 7 8] [^Wj 3]S»J 1 «J:C^iaHPI 2 1C bft 
^•oTlii-, Nli^ SSni, Co.- Mi 0* (M:ffliWs*B7C 
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